In the preceding paper (7) it was noted that the true mistletoe, Phoradendron, derives very little if any carbohydrate from its host, while the dwarf mistletoe, Arceuithobiutm, draws heavily upon the photosynthate of its host. These findings imply that Phoradendron is capable of furnishing its own energy requirements but say little regarding the extent of dependence of Arceuthobium upon its host for carbohydrates.
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The aerial shoots of Arceuthobium frequently exhibit an off-green color which Peirce (9) claimed is due to an abundant supply of chlorophyll that is often masked by dark pigments in the epidermal cells. Heinricher (6) described green-colored bodies in the cells of the endophytic system, however, this observation was not confirmed by Peirce (9) or Kuijt (8) . A capacity of Arceuthobium to provide much of its energy requirements was implied by findings of Weir (16) . He conducted a test on 8-to 12-year old lodgepole pines in which 6 infected and 6 uninfected trees were repeatedly defoliated. During the second year the 6 infected trees continued to live while the uninfected trees had died. He suggested that under such conditions the mistletoe may contribute to the nutrition of its host but he added that mutual subsistence on stored materials in the infected region of host stems may explain the results. On the other hand, Buckland and Marples (2) noted that defoliation of western hemlock by the hemlock looper had a much more detrimental effect on dwarf mistletoe infected trees than on healthy trees.
When Rediske and Shea (11) exposed aerial shoots of Arceuthobium americanumji Nutt. infecting Pinus murrayana Grev. and Balf. seedlings to C1402, they noted a marked fixation of C14 in the shoots and movement of label into the host plant. This evidence was used to support their claim that the decline of the host plant normally associated with Arceuthobium infection is not a direct result of parasitism by the mistletoe.
Freeland (5) analyzed leaves of Phoradendron 'Received for publication March 30, 1964. 2 This work was supported in part by National Science Foundation Grant G-13070. 3 Present address: Department of Botany and Plant Pathology, Purdue University, Lafayette, Indiana. flavescens (Pursh.) Nutt. for chlorophyll and found that both chlorophyll a and chlorophyll b were present. Apparent photosynthesis was measured and a net rate of CO2 fixation was determined. The mass of photosynthetic tissue produced by some species of Phoradendron has prompted the speculation that a symbiotic relationship might exist between the true mistletoe and its host. Wagener (15) noted that junipers heavily infected with Phoradendron juniperinum Engelm. will often have the entire upper portion of their crown replaced by mistletoe foliage. After an extremely cold winter, which killed the mistletoe, severe crown die-back was observed. He concluded that when the functioning mistletoe foliage was killed the very small amount of host foliage remaining was unable to support the crown and it died. Phoradendron infections are frequently found to terminate branches of its host (3, 15) , that portion of the host branch distal to the site of infection is suppressed andl killed with the proximal portion subsequently "sustained" by the mistletoe.
Similar conclusions were drawn from defoliation and girdling experiments involving the European mistletoe Viscum albumt (14) . Infections of Viscum were observed to prolong the life of denuded branches and even whole trees but such a situation could never be maintained for an extended period of time. The capacity of mistletoes to provide for their own energy requirements was investigated through studies on the photosynthetic activity of mistletoe shoots. Arceuthobium campylopodum Engelm., infecting Abies concolor (G. and G.) Lindl., and Arceuthobium americanum Nutt., parasitizing Pinus murrayana Grev. and Balf., were the principal subjects of study. Several species of Phoradendron infecting a number of different host plants were used for comparative studies (table II) . Translocation patterns between parasite and host were determined by exposing aerial shoots to 50 sLc of C1402 in the light and following the subsequent distribution of photosynthate by procedures of gross radioautography and radioassay similar to those described in Part I (7) .
Aerial shoots of Phoradendron are reasonably large; thus no problem was encountered in enclosing portions of a plant in a polyethylene bag for C1402 application. Dwarf mistletoe shoots, on the other hand, are quite small and easily broken, characteristics which render the polyethylene bag impractical as an exposure chamber. In its place, a 1.75 liter polyethylene bottle was adapted for the purpose. Inlet and exit tubes were inserted through the base of the bottle, which was supported by them while the apparatus was in use. The major portion of a moderately sized mistletoe shoot was carefully teased through the neck of the bottle and a gas tight seal around the stem achieved by means of a 1-hole rubber stopper split along one side. The hole and split of the stopper were lined with lanolin paste so that no gas could escape but some movement of the mistletoe shoot was possible. The lanolin sealing material was prepared by mixing a small amount of water with commercial lanolin until a thick creamy paste was obtained. This preparation retained its viscosity through midday temperatures during the 4-to 5-hour exposure period and was completely nontoxic to the plant. The concentration of CO2 in the bottle after reacting the 0.52 mg of BaC1403 with lactic acid was about 0.06 % by weight, which does not constitute an excessively rich CO2 environment.
Labeling experiments were also conducted with detached dwarf mistletoe shoots, the cut ends of which were inserted in small vials of water. Glass bell jars were used for exposure chambers in such tests, which were conducted both in the laboratory and in the field. Both plastic bottles and bell jars were utilized as reaction chambers for studies in which the CO2 concentration within the chamber containing mistletoe shoots was monitored over a period of time under conditions of light and darkness. Such studies were conducted in the laboratory and in the field using a Beckman L/B Infrared Gas Analyzer, Model 15A.
Mistletoe shoots, exposed to C1402, were prepared for radioassay and chromatography according to the method described in Part I (7) . Separation of the water soluble extract into cationic, anionic and nonionic fractions was accomplished by means of ion exchange resins. Cations from the extract, adjusted to pH 2, were collected on a column of Dowex 50W-X8 (100-200 mesh, hydrogen form) and eluted with 1.5 N NH4OH. The effluent was adjusted to pH 8.2 and passed through a column of Dowex 1-X8 (100-200 mesh, carbonate form) and the anions subsequently eluted with 1.5 M (NH4) 2C03. The 3 fractions were assayed for radioactivity and chromatographed using methods described previously.
The chlorophyll content of mistletoe shoots and foliage of the host plant was determined in 80 % acetone extracts using the procedure outlined by Arnon (1). Absorption spectra of acetone extracts from dwarf mistletoe shoots and host foliage were obtained using a Zeiss PMQII Spectrophotometer.
Results and Discussion
The marked accumulation of host photosynthate in the endophytic system and aerial shoots of Arceuthobium has already been described (7) . This finding would tend in itself to negate the probability that dwarf mistletoe shoots function significantly as photosynthetic organs and thereby contribute to the energy requirements of the plant. The results of an early experiment, in which the terminal foliage of infected white fir branches was exposed to C1402 after the mistletoe shoots had been either removed, covered with aluminum foil, or removed and the infected portion of the stem covered, suggest that the aerial shoots may play a part in dwarf mistletoe nutrition (table I) . While the data are somewhat erratic, there is a strong indication that when mistletoe shoots are removed, there follows an enhanced accumulation of host photosynthate in the region of the endophytic system and even, to a lesser extent, in the uninfected portions of the stem. This phenomenon was observed during all seasons of the year.
One possible explanation of these findings is that, when the aerial shoots of a dwarf mistletoe plant are removed, the normal route of export for materials collected by the mistletoes endophytic system is cut off, resulting in an accumulation in the endophytic system. A similar concentration in the endophytic system was noted in undisturbed infections during the dormant season, when movement of photosynthate to the aerial shoots occurred more slowly. This concept is further supported by the fact that covering the aerial shoots with aluminum foil to exclude light does not induce the same level of accumulation in the endophytic system as does removing the shoots. Also the level of photosynthate transported to darkened shoots does not appear to be any greater than that to shoots growing in the light. Aerial shoots of dwarf mistletoe covered with aluminum foil for 9 months appeared perfectly normal.
An alternate explanation of these findings might suggest that the removal of mistletoe shoots deprives the endophytic system of part of its energy supply, causing it to draw more heavily upon the photosynthate of its host. This would follow the concept of Rediske and Shea (11), who concluded that Arceuthobiurn contributes significantly to its own nutrition and also to that of its host. Similar suggestions have been offered to explain observations made on Viscum (14) and Phoradendron (15 (table VI) . Under these conditions no C14 was detected in the sugars but as expected over 75 % of the fixed label was present as malic acid. Twenty-five hours later, the percentage of C14 in malic acid decreased while that in compound-X increased. This suggests that compound-X is derived from products of the malic acid fixation mechaiiism, since C14 was never detected in this compound when the label was supplied through the host photosynthate.
Since C' 402 incorporation into malic acid apparently occurs in shoots of Areeuthobiuvi undler either Chlorophyll was found in all mistletoes tested, however the concentration in Arceuthobium was only about 1/4 of that found in the leaves of its hosts. The chlorophyll content of Phoradendron leaves was equal to or only slightly less than that of the foliage of its hosts. In all cases the ratio of chlorophyll a to chlorophyll b was about the same for mistletoe and host however, this value was subject to considerable variation. Absorption spectra were determined for 80 % acetone extracts of Arceuthobium shoots and host foliage. Except for the strong absorption band in the near ultraviolet range, mistletoe extracts qualitatively show the same pigment complex as do similar extracts from pine and fir needles. Based on the pigments present and the fact that sucrose is among the principal products, it appears that photosynthetic CO2 fixation in Arceuthobium possibly occurs via normal mechanisms.
An effort was made to determine the rate of CO2 fixation by dwarf mistletoe shoots. Detached shoots were placed in a closed chamber, the atmosphere of which was monitored for changes in the CO2 concentration by means of an infrared gas analyzer. Light was supplied by 2 banks of 20 w DaylightMazda lamps, which provided a light intensity of 700 ft-c at the plant surface. This light intensity is comparable to that normally encountered by these plants in the field. When conifer needles were placed in the chamber, a decrease in the CO2 concentration was recorded in the light followed by an increase when the light was turned off. Mistletoe shoots, showed an inorease in CO2 level in the chamber whether the lights were on or off (fig 4) . When the same test was conducted in the field, utilizing shoots attached to their host plant, there continued to be no measurable utilization of CO2. The rate curve for CO2 increase did not even show a deflection when the plants were taken from light to darkness (fig 4) . It appears that the rate of CO2 fixation by aerial shoots of Arceuthobium is too small to be measured by the equipment used in these studies.
The above findings suggest a method by which the 
